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Buxonano xomn'tomepne mooenogants po3nooity MAsHIMHO20 NOJAs NIO3eMHOI HAOBUCOKOBOILIMHOI KAOENbHOI NIHIT
(330 kB) 3 gpepomacnimuum exparom piznoi popmu. Ilokasano, wo sacmocysannsi H-nooibnozo expana 6es 3azopis
dae 3moey 3abesneuumu Oe3nedunull piseHb MASHIMHO20 NOJS HA NOGepxHi 3emai Hao kabensmu. IIpoananizoeano
3AN1eAHCHICb PIBHA MAZHIMHO20 Noas 8i0 moswunu H-nodibnozco gpepomacnimnozo expana. bion. 11, puc. 3.

KurouoBi cioBa: mimzeMHi kabemi, HATBUCOKOBOJBTHA KaOellbHA JiHisA, (epOMArHiTHHN eKpaH, Oe3MeYHHi piBeHB
MAarHITHOTO TIOJI, KOMITIOTEPHE MOZICIIOBAHHS.

Beryn. Ha chorogni B ychOMY CBITI HIMPOKO BHUKOPUCTOBYIOTHCA CHJIOBI Kabemnmi 3
MIOJIIETUJIEHOBOIO 130JISII[I€I0 HAa BUCOKY 1 HaaBucoky Hampyru [1]. Taki kabeni CTBOpIOIOTH Y
HaBKOJIMIIHBOMY IPOCTOpl 3HA4YHE MAarHiTHE Moje, Mo MNoTpedye 3aco0iB 3aXHUCTy 3 METOI0
3HMKEHHS PIBHS MOJIA 3 YpaxXyBaHHSIM JAII0YMX HOPM eJeKTpoMmarHiTHoi oesneku [2]. Jlxepenamu
3MIHHOT'O MarHiTHOTO I0JI € CTPYMHU B METaJIEBUX €JIeMEHTaxX KaOeliB — CTPyMH, 1110 HABOASTHCS B
eKpaHax 1 IpOTIKaloTh y KUIax.

3MEHIIEHHS! MarHiTHOTO MOJisl KaOedbHMX JIHIM BHCOKOI HANpyru 3AiHCHIOETHCS PI3HUMHU
crocobaMy, y TOMY YHCII 13 3aCTOCYBaHHSIM MarHITHUX, €JEKTPOMAarHiTHUX 1 ()epOMarHiTHUX
€KpaHiB pI3HUX KOHCTPYKUiH [3—5]. Exkpanu € HaiiHUM KOHCTPYKTUBHHM 3ac000M, 1110 A€ 3MOTY
HE TUIbKY NOCTa0UTH MarHiTHE MOJe, sIKe CTBOPIOETHCS CUIIOBUMHM KaOesiMu, ajie i KepyBaTH Horo
PO3MOAIIOM Y HAaBKOJIMIIHBOMY cepenoBullli. KepyBaHHS po3moJiioM MarHiTHOTO IOJIS HaBKOJIO
kabemniB Ta €KpaHiB 3/IINCHIOETHCS, TOJIOBHUM YMHOM, BHACHIJIOK iXHBOI BIIJAJICHOCTI OJIMH BiJ
OJTHOT'0, B3aEMHOTO PO3TAalIyBaHH:, a TAKOXK (popMu it po3mipiB eKpaHa, 110 BUKOPUCTOBYETHCS.

EdexTuBHICT ekpaHyBaHHS B 3HAYHIM Mipi 3aJeKUTh BiJ MaTepianiB ekpaniB [3, 6]. Lle
MOXKYTh OYTH €JeKTPOIPOBIJIHI, MarHiTHI, 30KpeMa, (epoMarHiTHI Marepiajiy, U0 MalTh Pi3HI
enexkTpo¢izuyHi BiracTuBOCTi. OJHUM 13 Cy4acHHX MaTepialiB, SKUH 3aCTOCOBYETHCS JUIS
€KpaHyBaHHS MAarHiTHOTO TOJIsSI, € HU3bKOBYTJIEeBa enekTpoctanb Magnetil [7, 8]. Lleit matepian
Ma€ BHCOKY €JIEKTPOIPOBIIHICTD (0 = 9,1-10° Cwm/M), NpUHHATHI MarHiTHI BIACTUBOCTI (MarHiTHy
npoHUKHICTH £ = 3000) i BUKOPHUCTOBY€EThCS II BUTOTOBJICHHS (pepOMarHiTHUX eKkpaHiB [8].

Memoro danoi pobomu € 1OCHIHKEHHS 1 BU3HAYEHHS €(PeKTUBHOCTI €KpaHyBaHHS Mi136MHOI
HaJBUCOKOBOJBTHOT KabenmpHOi miHIT (330 kB) 3a momomoror ¢epoMarHiTHOro €KpaHa,
BUTOTOBJIEHOTO 3 Magnetil'y, sikuii Mae pi3Hy GopMy 1 pi3HY TOBLIUHY.

EdexTuBHICTh €KpaHyBaHHS 3B'SI3y€ThCS 3 PIBHEM MAarHiTHOTO TMOJS Ha TOBEPXHI 3eMJll
Oe3nocepeIHbO HaJl KaOEIbHOIO JIIHIEI0, a He0OXi/IHE eKpaHyBaHHS — 3 PIBHEM IOJs Ha MOBEPXHI
3emumi He Outbmie 0,5 MKT, MO € MakCMMadbHMM 3HAYEHHSM O€3MEYHOTO EeJIEKTPOMArHiTHOTO
BIUIMBY BIANOBIAHO 10 CaHITApHUX HOPM [2].
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JlocmipKeHHST BUKOHYETBCS IIISIXOM KOMIT'FOTEPHOI0 MojieroBaHHs B mporpami Comsol [9].
KabenpHa IiHis, 00 PO3TIATAETHCSA, HUHI Ji€ B YKpaiHi, ii XapaKTepUCTUKH MPEACTABICHO B
po6oTi [10].

MaremMaTH4YHA MOJeJb JJIA A0CTizKeHHsA. MOJeTOBaHHS MarHiTHOTO TIOJIsI TIPOBOAUTHCS
IUI CTAaIlilOHAPHOTO PEXMMY B JBOBUMIPHOMY BHUIQJIKy B JeKapToBii cuctemi xoopmuHat OXy
(puc. 1 a) y npumymieHHi, mo KaOenpHa JiHII Ma€ IOCHTh BEIUKY JOBXKHHY 1 INPOKIIAJCHA
rapajieJIbHO ITOBEPXHi 3eMJIi.

[TonmpoBa 3aaua GpopMyItO€THCS BITHOCHO KOMIUIEKCHOI BETMYMHN BEKTOPHOTO MarHiTHOTO

MOTEHIIIaTy A=(0,0, AZ) (3 €IMHOI HEHYJIHOBOI CKIIAJJOBOIO Az (X,y)) Ta KOMIUIEKCHHX

BEJIMYMH HANPYTH 1 CTpyMy. MoJieNib IPYHTY€EThCS Ha MiIX0AaX 1 PIBHSIHHSAX, HABSJCHUX B POOOTAX
[4, 11], 1 cKJIamaeThCst 3 CHCTEMU THTETPO-TUPEPEHIIMHNX PIBHIHD 3arajlbHOTO BUTIISY:

jooi A+Vx (,uo_l,ur_1Vx A) = o;AU; 1)
[3,0S = [(—jwoiA, +0;4U;)dS =l;; (2)
S; S;

V piBusausx (1)-(2): w=2xzf — xyrosa yacrora crpymy ( f =50 I'm); J — ymaBana omu-
HHIS; 1HAEKC | BIJHOCHTHCS 1O |-TO NPOBIJHOTO CepeOBHINA B PO3paxyHKOBiH oOmacti; oj —
eIIEKTPOIIPOBIHICTD | -T0 cepeoBHIIa (TPHOX KWII, TPhOX eKpaHiB KabeliB y KaOesnpHil JiHIT); 4
1 4y — MarsiTHa IIOCTI}HA 1 BIJHOCHA MarHiTHa MPOHUKHICTh MarHiTHOrO €KpaHa BIAIOBITHO ( 4y
= | U1 HEMarHiTHHUX eJIeMEHTIB); J ; — Z-CKJIaJloBa TYCTUHH CTPYMY.

PiBHsHHSA (2) 3anmcaHo Ha OcHOBI 3akoHY Kupxroda st NiISHKH Koja 31 CTpPyMOM I'i ,
naginasam Hanpyrn AU;, miomero momepednoro mepepisy Sij. KommiekcHa Bemmumza I e
CTPYMOM Yy KOXHIM >uii kaOemo. BoHa BBakaeTbcs BIIOMOIO, PIBHOIO CTpyMy KaOemro B
HOMIHabHOMY pexumi. Ctpym I'i B METaJeBOMY €KpaHi Kabemto nopiBHIOe Hymo. [laminus
HaIpyru AUi BU3HAYAETHCS B TPOBIIHOMY CEpPEIOBHUIII HA JUISHII OJAWHUYHOI JOBXWUHU. B
o0acTi eKpaHiB 3HAYCHHS AUi =0 (posrisimaeThCcsl BUMIAAOK 3a3€MJICHHS €KpaHiB 3 BOX KIHIIIB).
[TamiHHA Hampyrd Ha >KWIaX — OJHAKOBI Ta 3MilleHi 3a (a3o Ha 120°, ix s3HaueHHs:
AUi :AUJ,cejo, AUi =AU9,Cej2”/3, AUi =AU:,,cej4”/3 BinnoBigHO Ha ¢azax 4, B, C. ¥V
HaBeJeHUX Bupaszax AU, 3a1aeThcd 3a yMOBHM PIBHOCTI CTPYMiB y SKMIIaX HOMiHAJIBHOMY

3HaYeHHI0. PO3paxyHKOBUM IIISXOM BHM3HAUYEHO, 110 B TAKOMYy BHUMAAKy PO30DKHICTH IIOYUX
3Ha4eHb CTPYMIB Y KHJIaX KaOeniB CTaHOBUTH He Oinblie 5 %.

PiBusinast (1)—(2) IOMOBHIOIOTHCS HACTYITHOIO YMOBOIO MArHIiTHOI 130JAIil Ha BCIX
30BHIIIHIX TPAHUIIX PO3PAXyHKOBOI 00IacCTi:

A, =0. @)
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Pe3yabTaTn KOMI'IOTepHOro MoaeaBaHHs. Marematiuna mozens (1)—(3) peamizoBana
B nporpami Comsol mns kabGenbnoi mimii 330 kB, mo ckiagaerbes 3 KabemiB, poO3TalIOBaHUX
TPUKYTHHKOM Y 3eMiti Ha riaubuHi 1,5 M (puc. 1). Bukopucrani B po3paxyHKax XapaKTEpUCTHKH
kabeniB HaBegeHo B crarti [9]. HominmampHuii cTpyMm kabenbHOI JiHIT gopiBHIOE 630 A.
depoMarHiTHUI ekpaH (BUKOHAHMI 3 MaTepiany Magnetil) 3HaxoauThcs Ha KaOeIsIMH B IPYHTI Ha
rmbuHi 1,4 M (puc. 1 6).

®di3nyHa MOJENIb BPaXxOBYE EJIEMEHTH KOXKHOTO 13 TPhOX KaOeliB — allOMIHIEBY KHITY,
MIHUHA €KpaH, IMOJIIETHJICHOBY 130JIALII0 1 MOJIETHJIEHOBY OOOJOHKY. Y poO3paxyHKax 3aJlaHo
XapaKTEepPHCTHKH TPYHTY (enexTporpoBimmicts 10 Cwm/M), mOBITPs, (epoMarHiTHOro expama
(ToBmmHa B 6a30BUX po3paxyHKax A= 8 MM, Hamam A=Vvar). JIoBXHHA IUIOCKOTO €KpaHa Ta
enemenTiB H-monioumx expaniB — 0,7 M. JloBknHA TOPU30HTAIBHOTO eJeMenTa odepHeHoro U-mo-
nioHOTrO exkpaHa — 0,7 M, a BepTUKAJIbHKX eJeMeHTiB — 0,35 M.

@®parMeHT po3paxyHKOBOi 00JacTi 3 CKIHUEHHO-EJIEMEHTHOIO CITKOIO MOKa3aHo Ha puc. 1 a.
ITocninoBHicTs (a3 kadbeniB — ABC.

PosrnsinyTo pi3Hi dopMu ekpaHa, MOYMHAIOYU Bl TIOCKOro (puc. 1) 10 OLIBIN CKIATHUX
dbopm ekpaniB (puc. 2 a—s).

JIist BUIAJIKy TIOCKOTO €KpaHa po3Mojia MarditHoro mojs |B| (y BiaTiHKax KombopiB Ta
130J1IHISIMH ) HABKOJIO KaOenbHOT JIiHIT Ta eKpaHa MpecTaBlieHo Ha puc. 1 6. TyT BiaMideHa 130iHis,
10 BiAnoBinae Gesneunomy 3HadeHHO 10Js 0,5 MKT, a TaKOK MakCHMalbHe 3HAUeHHS |B |max =
=0,83 Mk T BuIIEe TOBEPXHI 3eMJIi HaJ| KaOEIsIMH.

Ha puc. 2 moka3aHo pO3MOJiI y KOJbOPI MarHiTHOI iHAyKuii |B | Buue moBepxHi 3emii y
pa3i BUKOPUCTaHHS pi3HOI (popMu (pepOMarHiTHOTO eKpaHa:

— BapiaHT 2 — obepHenuii U-moaiOHuiA expa (puc. 3 a);

— BapiaHT 3 — H-moxiOHwmii ekpaH 3 mpomixkkamu (puc. 3 6);

— BapianT 4 — H-noxiOuwmii expan 6e3 3a30piB (puc. 3 ).

Ha kaptuHax puc. 2 TakoX BiIMIY€HO pAJI KOHTYPHHUX JIiHIH, 30KpemMa THX, IO
BiAmoBimaroTh 3HaueHHsM 0,5 Tta 1 MkT. [3omiHIl CBiq4aTh MpPO HEOTHOPIAHWMA PO3MOALT IO
no0IM3y eKpaHiB, KOHLIEHTPAIIIO MOJIs Ha KIHIMX €KpaHiB,

MePEBHUINCHHST OE3MCYHOr0 3HAYEHHS Ha TOBEPXHi 3eMIIi | B lmax, MKT

JUIs €KpaHiB BapiaHTIB 2 Ta 3, HallKpaloro eKpaHyBaHHs B L2\
pa3i BUKOpUCTaHHs eKkpaHa y BapiaHTi 4. [lokaszano, mo H- '
noniOHMil ekpaH 0e3 MpPOMIKKIB IUIKOM BIANOBIZAE | o \
BUMOT'aM €JIeKTPOMAarHiTHOi Oe3leKku, a IHII BapilaHTH ' N\
BHMAraioTh CTBOPCHHs 30HH BIIUY)KCHHS, a CaMe: BapiaHT o \
1 — 30HM, mo Mae mupuHy 4 M; BapiaHT 2 — 30HHU ' \
WMPHHOIO],5 M; a BapiaHT 3 — 30HM IIMPHUHOIO MPUOIM3HO \
1,4 M. 3a3HauyuMO, 110 B HABEAECHUX PE3YyJIbTaTax IIMPHUHA | \
PO3IIISIHYTHUX €KpaHiB MpuiiManacs piBHOIO A= § MM. oal . . | . —

[Tomanpiie qOCTIIKEHHS TTPOBOIUIIOCH IS PI3HOI 0 2 4 6 8 10 12
TOBIIMHM eNleMeHTiB H-momiOHoro ekpana 3 ¢GopMoro A, My

Puc. 2
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BapianTa 4. 3MiHEHHS MAaKCHMaJILHOTO 3HAUEHHS MATHITHOT iHAYKIIi | B |max Ha IIOBepXHi 3eMiIi Hax
KabensIMH 3aJIC)KHO BiJl TOBIIMHU A (epOMarHiTHOro eKpaHa y BapiaHTi 4 HaBeneHo Ha puc. 3. TyT
HYJIbOBE 3HAUCHHS B3J0OBX TOPU3OHTANBHOI OCI BiANOBiNae BUMAAKYy KaOenbHOi JiHIi 0e3
eKpaHyBaHHs. SIK TOKa3aHo, ()epOMArHiTHUM €KpaH BapiaHTa 4 3 TOBHIMHOK 12 MM 3aaTeH
3MEHIIUTH PIBEHh MAarHITHOTO TOJIS HA MOBEPXHI 3eMili OUIBII HIX Yy 3 pa3u, a Taki eKpaHH 3
TOBIIMHOIO HE MEHIIE 6 MM TapaHTYIOTh OC3MEYHUN PiBEHb MArHiTHOTO MOJIA HAa TOBEPXHI 3eMIIl
HaJ1 KabensimMHu.

BucnoBok. JlocaimkeHO 0COOIMBOCTI PO3MOILTY MAarHiTHOTO TOJIS MiA3€MHOI KaOelbHOi
ninii Ha Hanpyry 330 kB y pasi BukopuctaHHs (hepoMarHiTHUX €KpaHiB pi3HOI KoHQIryparii —
mockoro, oobepuenoro U-noxibnoro, H-moaioHoro ekpana 3 mpomikkamMu Ta 0e3 HuX. HaiOumbimn
e(eKTHUBHE EKpaHyBaHHS 3 MOIJISy OE3MEeYHOro piBHSA MAarHiTHOTO TOJS Ha IMOBEPXHI 3eMili
3abe3neuye H-monmiOHuii exkpan ©O0e3 mnpoMiKKiB. Takuii THUO (QepoMarHiTHOroO €KpaHa,
pO3TaIIOBAaHOTO B IPYHTI Haja Kabensmu Ha mmbuHi 1,4 M, 3 noBxuHOIO eineMeHTiB 0,7 M,
TOBIIMHOIO 10 12 MM Jja€ 3MOTy 3MEHIIMTH PIBE€Hb MAarHITHOTO MOJISI HA TIOBEPXHI 3eMJI1 OUIBII Hixk
y 3 pa3u, a TOBIIMHOI HE MEHIIe 6 MM HE BHMarae CTBOPEHHS 30HHU BiIUY)KCHHS 3TiIHO 3i
CTaHJIapTaMHU €JIEKTPOMArHiTHOI O€3MeKH.
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3OPEKTUBHOCTH SKPAHUPOBAHMUS MMOJI3EMHOM CBEPXBBICOKOBO.JIbTHOM KABEJTBHOMN
JIMHUHU C TOMOIIbIO ®EPPOMATHUTHOI'O SKPAHA PA3JIMYHOM KOHOUTYPAIIUN

N.H. Ky4yepsiBas
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Buinonneno xomnvromeproe moldenuposanue pacnpeoeneHusi MASHUMHO20 NOAs NOO3EMHOU C8ePX8bICOKOBONIbIMHOU
kabenvrou aunuu (330 kB) ¢ geppomachumuviv sxpanom paziuynoi gopmei. Ilokazano, umo npumenenue H-
n0006H020 dKpana Oe3 3a30p08 no3eoisiem obecnedums 0E30NACHBIN YPOBEHb MAZHUMHOZ0 NOJsL HA NOBEPXHOCHU
semau Hao kabersmu. Illpoamanuzuposana 3a6UCUMOCIb YPOBHS MACHUMHO20 MO Oom moawjunsl H-nodobnozo
Geppomaznumuoeo sxpana. bubn. 11, puc. 3.
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SHIELDING EFFICIENCY FOR UNDERGROUND EXTRA-HIGH VOLTAGE CABLE LINE

USING FERROMAGNETIC SHIELD WITH VARIOUS CONFIGURATIONS

.M. Kucheriava

Institute of Electrodynamics of the National Academy of Sciences of Ukraine,

pr. Peremohy, 56, Kyiv, 03057, Ukraine

The computer modeling of the magnetic field distribution for underground extra-high voltage cable line (330 kV) with
ferromagnetic shield of various shapes is performed. As shown, the use of H-shaped shield without any gaps gives a
possibility to provide the safe level of magnetic field on the ground above the cables. The dependence of magnetic field
level on the thickness of H-shaped ferromagnetic shield is analyzed. References 11, figures 3.

Key words: underground cables, extra-high voltage power cable line, ferromagnetic shield, electromagnetic safety,
computer modeling.
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